Titanium silicides were used as Schottky contacts on GaAs.
INTRODUCTION
The formation of Schottky barriers on GaAs has been a field of wide interest for several decades due to its importance for many devices.[l-5] However, our present understanding of Schottky barrier formation is still unsatisfactory. Several present models assume that the interface between metal and semiconductor, the defects that are present there, and the interface chemistry can strongly influence the electrical properties of Schottky and ohmic ·contacts on GaAs. [6] [7] [8] Metal silicides are used widely for both ohmic and Schottky contacts in silicon very large scale integration (VlSI) technology for lowering the contact resistance and controlling Schottky barrier heights as well as for gate materials in metal-oxide-semiconductor (MOS) devices. [9] [10] [11] [12] [13] [14] [15] Among the refractory metals Ti is the most popular material. Successful use of titanium silicides as contacts on Si suggested the possibility of their application as Schottky contacts on GaAs.
SAMPLE PREPARATIONS
For the investigations reported here, alternate layers of titanium and silicon were deposited on n-type GaAs by electron beam deposi- Energy dispersive X-ray spectra (EDX) were taken using a Philips 400 FEG electron microscope at 100 KV accelerating voltage.
Ti:Si WITH A 1:2 RATIO
Unannealed structures with Ti:Si ratios of 1:2 consisted of four layers: Ti (with a thickness of 420 A) adjacent to GaAs, followed by Si (770 A thick), Ti (580 A thick), and Si (730 A thick) ( Fig. 1 ).
The interface of the first Ti layer with GaAs was very flat and abrupt, whereas both the Si interfaces with the second Ti layer were rather diffuse. All four layers were clearly distinguishable. EDX spectra of these layers showed the presence of Ti or Si in respective layers.
After transient thermal ~nnealing for 5 sec at 875°C, the layers were still clearly distinguishable ( Fig. 2 ), but metal-semiconductor interfaces were very rough in most cases. There were only a few areas where flat interfaces were still present. "High resolution images of the interface with GaAs showed that in many cases, the orthorombic TiSi 2 (C49) phase, with lattice parameters a = 3.62 A, b = 13.76 A, and c = 3.605 A, had been formed. Epitaxial growth of this compound was observed where (220) GaAs planes were parallel ~o (040) TiSi 2 planes. This growth was confirmed by the HREM image and the diffraction pattern taken from the interface (Fig. 3 ). This phase is not the only one found on the interfaces. The other TiSi 2 (C54) phase, with lattice parameters a = 8.27 A, b = 4.79 A, and c = 8.55 A, was also found in a few cases near the interface. The volume fraction of this phase was about 50% lower than that for Ti5i 2 C49 for the Ti:Si 1:2 specimens.
EDX spectra showed that the ratio of TiKa/SiKa does not remain constant in all areas of the contact material ( Fig. 4 ). This finding suggests that during annealing more then one compound was formed. The contact material consisted of many small grains. Often the selected area diffraction (SAD) patterns showed overlapping of different phases.
The chemical reactions that occurred during annealing caused a thickness change of all the layers. The Ti layer adjacent to the GaAs was The interface with GaAs was rough, similar to the interface for the 1:2 Ti:Si samples. There were some interpenetration of silicide and GaAs along the original interface. Figure 7 shows the trace of the original interface (from the unannea1ed deposited sample) inside the newly formed silicide grains. The grains on the interface are much larger (up to 5000 A long). Diffraction patterns taken from the interface (Fig. Sa) and at the center of the contact (Fig. 8b) show mostly the TiSi 2 C54 phase. The TiSi 2 C49 phase was found as well, but it was found less often than was the C54 phase. The higher concentration of Si in these samples appeared to favor the formation of the TiSi 2 C54 phase.
All phases formed on both unannealed and annealed samples with
Ti:Si ratios of 1:2 and 1:3 are shown schematically in Fig. 9 . In the samples with 1:2 ratios, the TiSi 2 C49 phase dominated, whereas in the samples with 1:3 ratios, the C54 phase dominated. Fig . 4 z . 052E+01
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